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Background: Nepal is a developing country. Lack of sustainability of water supply and 
sanitation services are always considered as major issue in developing countries that accounts 
for high prevalence of waterborne diseases such as diarrhea, dysentery, cholera, typhoid, and 
jaundice. In addition, socioeconomic status such as; education, income and occupation are 
also the bottle-necks in developing countries, like Nepal,  which might be the other potential 
influential factors associated with prevalence of waterborne diseases. Objective: This study 
aims to assess the association of water, sanitation and socioeconomic status with the 
prevalence rate of waterborne diseases. Method: The associations were established by 
collecting data via a self-prepared questionnaire in Daman and Palung Village Development 
Committees (VDC), Makwanpur district, Nepal. Data were analyzed by performing the 
Mann-Whitney U test, Chi-square test of independence, univariable and multivariable logistic 
regression analysis. Result: The prevalence of waterborne diseases was found to be 50.7% in 
our study. This study showed a significant association between level of education and risk of 
waterborne diseases. However, associations could not be established between water, 
sanitation and waterborne diseases. Conclusion: Education was found to be an influential 
factor for the occurrence of the diarrheal diseases in the study sites. The prevalence rate of 
waterborne diseases was still found to be high despite the accessibility to water and sanitation.  
 







Table of Contents 
ACKNOWLEDGEMENT ......................................................................................................... 1 
ABSTRACT ............................................................................................................................... 3 
LIST OF ABBREVIATIONS .................................................................................................... 6 
LIST OF TABLES ..................................................................................................................... 7 
LIST OF FIGURES .................................................................................................................... 7 
LIST OF APPENDICES ............................................................................................................ 7 
CHAPTER 1 ............................................................................................................................... 9 
INTRODUCTION .................................................................................................................. 9 
1.1 Global scenario ........................................................................................................ 9 
1.1.1 General background .................................................................................................. 9 
1.1.2 Water, sanitation and waterborne diseases ................................................................ 9 
1.1.3 Socioeconomic status as influential factors ............................................................ 10 
1.2 Scenario of Nepal ....................................................................................................... 12 
1.2.1 Condition of Rural Nepal ........................................................................................ 12 
1.2.2 Water and sanitation facility in rural Nepal ............................................................ 13 
1.2.3 Water born diseases in rural Nepal ......................................................................... 15 
1.3 Objective .................................................................................................................... 16 
1.3.1 General Objective .................................................................................................... 16 
1.3.2 Specific Objective ................................................................................................... 16 
1.4 Research question ....................................................................................................... 17 
CHAPTER 2 ............................................................................................................................. 19 
METHODOLOGY ............................................................................................................... 19 
2.1 Study Design .............................................................................................................. 19 
2.2 Study Site ................................................................................................................... 19 
2.3 Study Population and Sampling ................................................................................. 21 
2.4 Data Collection ........................................................................................................... 21 
2.5 Study variables ........................................................................................................... 21 
2.5 Ethical Issues .............................................................................................................. 23 
2.6 Data analysis .............................................................................................................. 23 
CHAPTER 3 ............................................................................................................................. 25 
RESULTS ............................................................................................................................. 25 
3.1 General characteristics of the villages ........................................................................ 25 
3.2 Dependent /Outcome variables .................................................................................. 28 
3.3 Associations between socioeconomic status and waterborne diseases ...................... 31 
CHAPTER 4 ............................................................................................................................. 35 
4.1 DISCUSSION ................................................................................................................ 35 
5 
 
4.2 Limitation of the reported research: ............................................................................... 42 
4.2.1 Sample size .............................................................................................................. 42 
4.2.2 Confounders ............................................................................................................ 42 
CHAPTER 5 ............................................................................................................................. 43 
CONCLUSION .................................................................................................................... 43 
CHAPTER 6 ............................................................................................................................. 45 
RECOMMENDATIONS ..................................................................................................... 45 
REFERENCES ......................................................................................................................... 47 
APPENDICES .......................................................................................................................... 53 
Appendix 1 ........................................................................................................................... 53 






LIST OF ABBREVIATIONS 
VDC-Village Development Committee 
WHO-World Health Organization 
UNICEF-United Nations Children’s Education Fund 
HDI-Human Development Index 
UNDP-United Nations Development Program 
ADB-Asian Development Bank 
NDHS-Nepal Demographic and Health Survey 
DWSS-Department of Water Supply and Sewerage 
NEWAH-Nepal for Water Health 
NGO-Non-governmental Organization 
EDCD-Epidemiology and Disease Control Division 
DOHS-Department of Health Services 
NHRC-Nepal Health Research Council 
SPSS- Statistical Package for the Social Sciences  
CI-Confidence Interval 
NRS-Nepalese Rupees 
USD- United States Dollars 
OR-Odds Ratio 
IFAD- International Fund for Agricultural Development 







LIST OF TABLES 
Table 1- Description of the dependent variables with their measurement scale……………...21 
Table 2- Description of the independent variables with their measurement scale……………22 
Table 3- General characteristics of village 1 and 2……...……………….…...........................25 
Table 4- Characteristics of water and sanitation in village 1 and 2..........................................28 
Table 5- Characteristics of the dependent/outcome variable…................................................29 
Table 6- Association between socioeconomic status and waterborne disease…….................31 
Table 7- Association between socioeconomic status and diarrhea/dysentery….…………….32 
Table 8- Association between socioeconomic and diarrhea along with other waterborne 
diseases……………………………………………………………………………………….33 
LIST OF FIGURES 
Figure 1- Map of Nepal.............................................................................................................20 
Figure 2- Map of Makwanpur district.......................................................................................20 
Figure 3- Education level in village 1.......................................................................................26 
Figure 4- Education level in village 2.......................................................................................27 
Figure 5- Prevalence rate of waterborne disease in Village 1...........................................…...30 
Figure 6- Prevalence rate of waterborne disease in Village 2………………..…....…………30 
LIST OF APPENDICES 
Appendix 1- Consent form and questionnaire (In English)......................................................53  




























1.1 Global scenario  
1.1.1 General background 
WHO and UNICEF’s joint research in the year 2000 showed that 1.1 billion people 
throughout the world did not have enough water and 2.4 billion people lived without adequate 
sanitation. The situation was much worse in the rural areas than in the urban areas [1]. In 
2000, the percentage of those with an adequate supply of water was found to be 94% in urban 
areas and 71% in rural areas worldwide. Similarly, the percentage with adequate sanitation 
was 86% in urban areas compared to 38% in rural areas. From the year 2000, the percentage 
of water supply and sanitation in the world have increased in the urban areas but situation in 
the rural areas are still unchanged. Till 2000, the percentage of the population with adequate 
sanitation in rural areas was half of that of the population in cities across the globe [1]. 
Elimelech (2006) mentioned that 2 million deaths per year were reported worldwide due to 
unsafe water, mostly due to waterborne, preventable diarrheal diseases. Out of the total 
mortality rate 90% belongs to the group of children under 5 years in the developing countries 
[2]. 
1.1.2 Water, sanitation and waterborne diseases 
A large number of people in developing countries mostly live in extreme conditions of 
poverty and the main factors responsible for this situation include lack of priority given to 
these sectors; due to inadequate financial resources, inadequate water supply and sanitation 
services, poor hygiene behaviors, and inadequate sanitation in public places including 
hospitals, health centers and schools [3]. 
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Most of the diarrheal and other waterborne diseases are caused by contaminated water. 
Polluted and contaminated water can cause waterborne diseases like diarrhea, cholera, 
typhoid fever and dysentery. Ozkan et al. (2007) had reported that absence of adequate and 
safe water supply and sanitation systems were responsible for various kinds of sicknesses 
such as diarrhea along with other waterborne diseases in rural areas of Turkey [4]. In a meta-
analysis by Fewtrell et al. (2005), improvement in water supply, water quality, and sanitation 
reduced the risk of diarrhea-related morbidity by 25%, 31%, and 32 %, respectively [5]. 
Bhavnani et al. (2014) concluded unimproved water source (rivers, ponds, lakes and 
unprotected springs) and unimproved sanitation to be the major risk factors of diarrhea in 
Ecuador [6]. The study showed  that unimproved water source and unimproved sanitation 
increased the adjusted odds of diarrhea. Water and sanitation management practices can 
actually decrease diarrhea incidences by one-third to one-fourth [4]. 
 
1.1.3 Socioeconomic status as influential factors 
Other than water and sanitation, socioeconomic status may affect diarrheal morbidity or 
mortality. Young and Briscoe (1987), Baltazar et al. (1988) and Daniels et al. (1990) 
considered socioeconomic conditions, e.g., per capita income, occupation or literacy rate, as 
important factors affecting diarrheal morbidity [7-10]. El-Fadel et al. (2014) found 
statistically significant difference in diarrheal cases in their study areas (Tripoli, Lebanon and 
Irbid, Jordan) which was correlated with the educational level of household head and financial 
status [11].   
 
Level of income and better socioeconomic conditions also has a lot to do with having better 
living styles. Malik et al. (2012) considered that people having better life styles and 
socioeconomic condition showed more acceptability to pay for water services in the rural 
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communities of the developing countries [12]. This eventually reduces the chance of getting 
waterborne disease. 
 
1.1.4 Waterborne diseases: A threat for developing countries 
Waterborne diseases such as diarrhea, cholera, typhoid etc. have a very strong relationship 
with poverty and unhygienic environment. Poverty directly associates with poor housing 
conditions, over crowded house, lack of access to sufficient clean water and sanitary disposal 
of fecal waste, and cohabitation with domestic animals that may carry human pathogens [13]. 
All of the above mentioned issues are common among the rural parts of developing countries, 
especially of South Asia, and these factors are considered to be the major risk factors to 
increase both diarrheal morbidity and mortality. 
Also diarrheal diseases are preventable if a patient receives appropriate care. But getting 
appropriate treatment and preventive care is even harder in the developing countries due to 
the lack of adequate, readily available and affordable medical care [13]. First, the people 
residing in the rural parts of developing countries are less educated and people usually remain 
unknown about the severity of waterborne diseases. Second, the income level in the rural 
communities of developing countries is so low that their willingness to pay for illness is 
almost negligible [12]. Thus they have less desire to get treated at a hospital which usually is 
very far away from the place they live and charges a lot for service. This leaves them 
untreated and increases the diarrheal morbidity and mortality rate; mostly amongst children 




1.2 Scenario of Nepal 
 1.2.1 Condition of Rural Nepal 
Nepal is ranked 129
th
 among 162 countries in the world based on the Human Development 
Index (HDI) in 2001 and is considered to be one of the least developed countries in Asia [14]. 
With a population of approximately 23.9 million, 80% of the total population of Nepal resides 
in rural areas. In many parts of Nepal, people have either financial or other crisis in their daily 
lives as illiteracy, unemployment and poverty. Almost 80% of the population depends on 
agriculture as their primary source of income. According to Human Development Index 
(2001) the literacy rate was found to be 40.4% among adult greater than 18 years which is 
quite low [14]. 
 
Apart from illiteracy and unemployment, the most common issue in the rural areas are factors 
related to social beliefs and perceptions which leads to the untimely death of patients 
suffering from preventable diseases (like: diarrhea). Patients in the rural areas die untimely as 
a result of their ignorance, superstition, cultural and traditional belief. So, Nepal is a country 
where government should not only focus on water supply and sanitation but also it should try 
to change people’s perception about disease by conducting social and educational programs 
[14]. 
 
Some of the rural districts of Nepal are mostly located far away from the city. And thus 
people from those areas are far from all the facilities one can have if they have resided in the 
city; the most common and most important facility includes hospitals or health posts. The 
health posts are usually far away from the community settlement and hospitals are only 
present in the city areas. On top of that, health posts in the rural areas have only one doctor 
who is also not there for several months in a year. The Kathmandu Post (a local newspaper) 
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reported in 2000 that a health post of Dolpa (a rural district) was without a doctor since 
months. Having the one and only doctor gone stating that he had a seminar to attend in the 
city and without a sign of returning the situation was made worse by the assistant health 
workers who also seemed to be missing [14]. This is just an example, but it exemplifies the 
situation of health facilities in rural districts. The only easy, convenient and affordable way of 
getting treated for those people is from the health post. If there is nobody there to cure them, 
they should think about other option which is going to the city hospitals. For those people 
who have financial crisis daily just to have two times of good food a day cannot even imagine 
of going to the city hospitals. Travelling expenses, food and lodging expenses and on top of 
that expensive hospital bills are far beyond their reach. So instead of going to the city 
hospitals they rely on traditional options like: dhami, jhakris (traditional disease healers) 
without thinking of the consequences. 
 
Even the preventable and curable diseases are turning to be the major issues in Nepal, 
especially in the rural parts. The lack of safe water and sanitation facilities results in 
worsening public health conditions, deteriorating quality of life and increased economic costs 
to society [14]. This can be controlled if the government and the political leaders show more 
concern in water and sanitation because until 1997 sanitation was not given priority by the 
politicians and local leaders in Nepal as reported by WHO and UNICEF in 2000 [14]. 
 
1.2.2 Water and sanitation facility in rural Nepal 
Nepal is considered to be the least developed countries in Asia where 80% of the population 
lives in the rural areas and 36% of the people practice open defecation in fields or bushes 
having a poor hygiene and sanitation facility [15]. An easy access to safe drinking water and 
proper sanitation are the basic determinants of a better health. But this has always been an 
14 
 
issue in Nepal as the situation is critical. Out of the total population, 89 percent obtain their 
drinking water from an improved source while 11 percent depend on an unimproved source 
[16]. Compared to rural areas, urban areas have good supply of drinking water (93 percent 
versus 88 percent) and proper sanitation facility (40 percent versus 9 percent), though this gap 
has been narrowed in the last few years [16, 17]. 
 
Aryal et al. (2012) reported that tap water/ piped water was found to be the most common 
source of drinking water in the urban areas, whereas a tube well or borehole was common 
source of drinking water in the rural areas or in Terai region [17]. People are more likely to 
drink untreated water as water supply system in the rural area does not have provision of 
water treatment facilities [17, 18]. During the dry seasons (March/April to May/June) there is 
huge scarcity of water in Nepal, while in rainy season (June/July to September/October) the 
availability of water increases as the quantity increases but is severely contaminated with 
excreted organisms due to surface water runoff [14]. 
 
This is not the only situation; even accessing drinking water is not an easy task. People have 
to spend around 30 minutes sometimes longer just to fetch water as each and every house 
does not have water source near/in their household premises. In an issue of The Kathmandu 
Post (2000) reported that women of many Village Development Committees (VDCs) of 
Tehrathum (rural district) walked all night, up and down the steep slope, to fetch water from 
about 2 to 3 AM in the morning to 10 to 11 AM before noon; every day [14]. 
 
Though the water coverage has been increasing since 2001 as it showed a 9% increase from 
2001-2006 (NDHS 2001 and NDHS 2006) showing a total of 82% coverage, it cannot be 
assumed that the water provided is safe for drinking and sanitation purpose [19, 20]. A joint 
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study done by Department of Water Supply and Sewerage (DWSS) and Water Aid in 2003 
estimated that around one -fifth of the materials of the  projects in hilly areas were in need of 
rehabilitation and more than half were in need of major repair [21]. And people still do not 
practice any household water treatment methods (for example: boiling) due to lack of proper 
knowledge especially in the rural parts of Nepal [19].
 
 
Similarly, access to sanitation has also increased showing increased number of latrines but are 
usually shared with many families and individuals rather than having one individual family 
latrine for one house [19]. The condition is, if they have a latrine for each household then 
either the latrines are not permanently built (for example: by using bricks and cement) or they 
don’t have a direct supply of water inside the latrine. So either ways they are affected. Not 
having proper sanitary disposal facilities and insufficient knowledge for maintaining hygiene 
(example: washing hands with soap water) are the major factors to prevent waterborne 
diseases. 
 
1.2.3 Water born diseases in rural Nepal 
Waterborne diseases such as diarrhea, typhoid, dysentery and cholera are a major public 
health threats in Nepal, mostly to the rural areas.  This is due to inadequate supply and 
unavailability of drinking water, poor sanitation and poor living conditions [18]. Outbreaks of 
diarrheal diseases are mostly the results of exposure of a human body to contaminated water 
and limited water availability for drinking and sanitation purpose [18, 14]. Poor sanitation is 
responsible for 70 percent of childhood illnesses with nearly 10 million cases of diarrhea 
among children under five every year, according to Nepal for Water Health (NEWAH, 2007) 
a local non-governmental organization (NGO) campaigning for clean drinking water and 
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sanitation [19].  Accounting infant mortality rate, the number of deaths among children below 
five years due to diarrhea related diseases is 10,500 per annum in Nepal [20]. 
 
Diarrheal epidemic of 2009 in mid and far western districts of Nepal was the breaking news 
for national and international media. According to Epidemiology and Disease Control 
Division (EDCD)/Department of Health Services (DOHS) of the Government of Nepal, the 
epidemic that began in early May 2009 recorded nearly 80,000 diarrheal cases and claimed 
over 300 lives, the most affected was Jajarkot (rural district), hilly district in the Mid-West 
Region[18]. Again in the summer of 2010, outbreaks of diarrhea and deaths in Jajarkot, 
Kanchanpur, Baitadi, Dailekh, Tanahun (rural districts) were reported [18]. The year is 2013; 
and still these kinds of diarrheal episodes are reported every now and then on the national 
newspapers in Nepal. 
 
1.3 Objective 
1.3.1 General Objective 
The main purpose of this study was to assess the interconnection between water availability, 
sanitation, socioeconomic status and prevalence of waterborne diseases in two Village 
Development Committees (VDCs), namely Daman and Palung in Makwanpur district of 
Nepal.  
 
1.3.2 Specific Objective 
 To explore the available water resources on which the villagers relied on and in 
particular their sanitation habits. 
  To assess the prevalence of preventable waterborne diseases in the two VDCs.  
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 To identify the association between water, sanitation, socioeconomic status and 
waterborne diseases. 
1.4 Research question 
























2.1 Study Design 
A cross-sectional study design was conducted during mid of January 2013 to mid of February 
2013 in two village development committees, Daman and Palung in Makwanpur district, 
Nepal. This study design was chosen in order to measure the prevalence of a disease and the 
exposure status in a population at a particular point of time [22]. 
 
2.2 Study Site 
Makwanpur district was selected for this study. There are 46 VDCs in Makwanpur, most of 
which are considered to be rural area. However, Daman and Palung which were the study 
sites are considered to be semi-rural. Makwanpur is one of the districts in Nepal where 
diarrheal diseases occur very frequently. Outbreaks of diarrheal diseases mostly occur as the 
result of low availability of drinking water and poor sanitation. Thus, the main aim of this 
study was to find out the major factors causing the diarrheal/waterborne diseases in the study 
sites. 
 
According to Nepal Census 2001, overall literacy rate in Makwanpur district was found to be 
63.2%, whereas in Daman and Palung it was found to be 86.26% and 86.63% respectively 
[23]. And percentage of economically active people was found to be 75.86% and 75.66% in 
Daman and Palung respectively [23]. Majority of people in Daman and Palung depend upon 
agriculture as their main source of income that is why their socioeconomic status also ranges 
from low to medium. In this study the effort was made to analyze if any of these above 
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mentioned measures of socioeconomic status have any influence in causing 
waterborne/diarrheal diseases in the study sites.  
 
Figure 1 Map of Nepal 
 
 
Figure 2 Map of Makwanpur district  
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2.3 Study Population and Sampling 
Among Daman and Palung VDCs, households were randomly selected. Household was 
considered as the study unit. Calculations by Fleiss’ formula provided a required sample size 
of 300 households in order to detect an expected odds ratio of 2.25 in the exposed groups, 
with a ratio of unexposed to exposed of 4, and 80% power [24]. Due to lack of resources and 
limited time, only 140 households could be included, 70 from each VDCs.  
 
2.4 Data Collection 
Primary data was collected using self-prepared questionnaire by interviewing either the head 
of the households or adults over 18 years. The interview criterion was that the person 
interviewed from each household should be permanently residing in that area from past one 
year. In the interview, participants responded to the questionnaire that addressed the following 
particulars: number of family members, education, occupation, income, source of water, 
presence of latrines and water supply in the latrine. Any cases of waterborne diseases in the 
last one year period were also recorded via the questionnaire. Details of the questionnaire are 
given in Appendix 1 and 2. 
 
2.5 Study variables 
In this study three dependent and nine independent/ explanatory variables were selected for 
the analysis. Operational definitions along with their measurement scale are given below. 
 
Table 1 Description of the dependent variables with their measurement scale 
Variables Description Measurement scale 
Waterborne diseases  Cases of waterborne diseases (diarrhea/dysentery, 
jaundice, typhoid, cholera) reported by at least one 
person of a household inthe past one year was asked 
and categorized into 6 categories. This was later 






Table 2 Description of the independent variables with their measurement scale  
Variables Description Measurement scale 
Household size Total number of individuals staying in each 
of the house that was selected for an 




3= 10 and above 
Education Education level of the head of the household 
was asked and classified into 4 categories; 
higher, secondary, primary and uneducated. 
Higher and secondary were later fused as one 
group due to small number of observation in 




Income  Total income of the head of the household in 
the last one year was asked and categorized 
into 3 groups. 
1= Lower class 
2= Middle class 
3= Higher class 
Occupation The occupation of the head of the household 
was asked and categorized into 2 groups. As 
the number of observation in the agriculture 
category was very high all the other type of 
occupation were merged as one group.  
0= Others 
1= Agriculture 
Water source The source of water used by each of the 
household was asked and categorized into 3 
groups; tap, river, well, stream. River, well 
and stream were later categorized as one 
group due to less observation in those 
categories. 
1= Tap water 
2= River/well/stream 
Presence of latrine It was asked whether their household had at 




Type of latrine If a latrine was present then it was further 
asked about the type of the latrine; permanent 
(made up of concrete, cement, bricks), 
temporary (made up of plastic, papers). It was 
categorized into 2 groups. 
1= Temporary 
2= Permanent 
Septic tank Presence of a septic tank in a household was 
asked only if a latrine was present and 
categorized into dichotomous variable. 
0= Yes 
1= No 
Water supply in 
latrine 
It was asked whether their household had a 
direct or indirect water supply inside the 
latrine and categorized into 2 groups. 
1= Indirect 
2= Direct 
recoded as dichotomous variable; 0=no disease and 
1-diseased. 
Diarrhea/Dysentery From the 6 categories of waterborne diseases; only 
cases of diarrhea/dysentery were separated and coded 
as dichotomous variable for further analysis. 
0= No disease 
1=Diseased 
Diarrhea/dysentery 
along with other 
water borne diseases  
From the 6 categories of waterborne diseases; only 
cases reporting a combination of diarrhea/dysentery 
along with other waterborne diseases (jaundice, 
typhoid and cholera) were separated and coded as 
dichotomous variable.  





Level of education, income, occupation, and household size were considered as measures of 
socioeconomic status.  
 
2.5 Ethical Issues 
Ethical approval was taken from Nepal Health Research Council Ethical Review Board for 
conducting the study considering the national ethical guidelines. A short description about the 
main objective and importance of the research was given to the participants before starting the 
interview. Also they were asked for their willingness in participation by means of completing 
a consent form (See Appendix 1 and 2).  
 
2.6 Data analysis  
Data was organized, coded and entered in Microsoft Excel. It was then transferred into SPSS 
19.0 version for further statistical analysis.  
 
In the statistical assessment, Mann-Whitney U and Pearson’s Chi-square test were performed 
to compare differences between the two villages. Finally the associations between the 
dependent and the independent variables were assessed via binary logistic regression analysis. 
For the logistic regression analysis, both the villages were analyzed together as a group with 
the total sample size of 140 households. Both univariable and multivariable logistic regression 
models were applied. In the multivariable analysis, all the independent variables were 
mutually adjusted. Further, the logistic regression model was adjusted for village, but it did 































3.1 General characteristics of the villages  
Characteristics like household size, level of education, income per year and occupation were 
observed in both the villages. Frequency and percentage of each of the variable is given in 
Table 3 along with their p-value. 
 






                                                 
1
P-value for the difference between the two villages according to number of family members, education and 
income/year was calculated via Mann-Whitney U test, and the p-value according to occupation was calculated 










Household size     0.445 
0 to 4 19 27.1 19 27.1  
5 to 9 49 70 43 61.4  
10 and above 2 2.9 8 11.4  
      
Education     0.635 
Uneducated 9 12.9 14 20  
Primary 33 47.1 28 40  
Secondary/Higher 28 40 28 40  
      
Income/year     0.016 
Lower 29 41.4 42 60  
Middle  21 30 18 25.7  
Higher 20 28.6 10 14.3  
      
Occupation     0.50 
Agriculture 54 77.1 53 75.7  
Others 16 22.9 17 24.3  
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Table 3 showed that most of the household had 5 to 9 members, 70% and 61.4% in village 1 
and village 2, respectively. Although it was found that only a few people interviewed were 
uneducated, most of them were educated only up to primary level; 47.1% and 40% in village 
1 and village 2, respectively, suggesting lesser number of years in school.  
 
It was also found that most of the people (41.4% and 60%, village 1 and village 2, 
respectively) had an income level less than NRS 50,000 (USD 500). 77.1% and 75.7% of the 
respondents were dependent on agriculture as their main source of income for their livelihood 
in village 1 and village 2, respectively. Only the distribution of income per year showed a 
significant difference between the two areas, with a p-value of 0.016. 
 
Education level of the head of the household in village 1 was found to be 40%, 47% and 13%  
and in village 2  it was found to be 40%, 40% and 20% for secondary/higher education, 
primary education, and uneducated respectively (Figure 3 and 4). Both the villages showed 
similar results suggesting that the majority of people were educated only up to primary level. 
 
 


















Table 4 shows the frequency and percentage of the explanatory variables based on the 
characteristic of the household. All the villagers, both in village 1 and village 2 used water 
supplied by the government of Nepal via a public tap. Each and everyone interviewed used 
tap water for their daily use, which made a total of 100% of the people both in village 1 and 
village 2. Similar results were found in case of variables such as presence of latrines, presence 
of septic tank and water supply in the latrines in both the villages. During the study it was 
found that 100% of the households had latrines along with septic tanks; but each of the 
latrines lacked a direct supply of water inside it. Type of latrine showed slightly different 
results among the two villages; where 92.9% and 97.1% of the household had a permanent 
latrine (made up of brick and cement) in village 1 and 2 respectively. Results showed that 
both the villages had similar characteristics and showed almost no variation regarding the 
explanatory variables. Thus, due to the lack of variation in the water and sanitation data, 






























Source of water     
Tap 70 100 70 100 
Others 0 0 0 0 
     
Presence of Latrine     
Yes 70 100 70 100 
No 0 0 0 0 
     
Type of latrine     
Temporary 5 7.1 2 2.9 
Permanent 65 92.9 68 97.1 
     
Presence of septic 
tank 
    
Yes 70 100 70 100 
No 0 0 0 0 
     
Water supply in 
latrine 
    
Indirect 70 100 70 100 
Direct 0 0 0 0 
 
3.2 Dependent /Outcome variables 
The prevalence rate of waterborne diseases in the two villages was found to be 50.7% (57.1% 
and 44.3% in village 1 and 2, respectively). As shown in table 5, 20% of the villagers were 
found to be affected by diarrhea/dysentery in both the villages, whereas 15.7% and 12.9% 
were found to be affected by diarrhea along with other waterborne diseases (jaundice, typhoid 
and cholera) in village 1 and village 2, respectively. Both the villages showed 
diarrhea/dysentery to be the most prevalent waterborne disease in the past one year. The only 
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difference between the villages was that there was no case of cholera reported in village 2 in 
the past one year.  
 
A more detail information on prevalence of waterborne diseases in the sample population is 
obtained in the pie chart (See Figure 5 and 6). The frequency and percentage of the household 
affected by various types of waterborne diseases is shown in Table 5.   
 














Waterborne diseases in a 
household 
    0.213 
No disease 30 42.9 39 55.7  
Diarrhea and Dysentery 14 20 14 20  
Jaundice 11 15.7 4 5.7  
Typhoid 2 2.9 4 5.7  
Cholera 2 2.9 0 0  
Diarrhea along with other 
waterborne diseases 
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Waterborne diseases in Village 1 
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Diarrhea along with other 





Waterborne diseases in Village 2 
No disease 
Diarrhea and dysentery 
Jaundice 
Typhoid 
Diarrhea along with other 
water borne diseases 
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3.3 Associations between socioeconomic status and waterborne diseases 
For the logistic regression analysis only education, income, occupation and household size 
were included as independent/explanatory variables to find out the association with the 
dependent variables. 
 












Yes No OR  CI  of 95% OR CI  of 95% 
Household size       
0-4 22 16 1 Ref. 1 Ref. 
5-9 44 48 0.67 0.31-1.43 0.59 0.26-1.33 
10 and above 5 5 0.73 0.18-2.94 0.71 0.17-2.99 
Education       
Secondary/Higher 24 32 1 Ref. 1 Ref. 
Primary 31 30 1.38 0.66-2.86 1.34 0.63-2.86 
Uneducated 16 7 3.05 1.08-8.57 2.64 0.88-7.88 
Income       
Lower class 35 36 1 Ref. 1 Ref. 
Middle class 23 16 1.48 0.67-3.26 0.68 0.68-3.42 
Higher class 13 17 0.79 0.33-1.86 0.85 0.35-2.06 
Occupation       
Others 13 20 1 Ref. 1 Ref. 
Agriculture 58 49 1.82 0.82-4.03 1.48 0.65-3.4 
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The univariable logistic regression analysis showed a significant association between level of 
education and waterborne diseases. The uneducated group showed increased risk of 
waterborne diseases compared to the secondary/higher education level group (OR=3.05; 
CI=1.08-8.57) with a p-value=0.035 (see Table 6), whereas the other variables did not show 
any significant statistical association with waterborne diseases. 
 
Table 7 Association between socioeconomic status and diarrhea/dysentery 
 
As shown in Table 7 no statistically significant association could be established between 







Yes No OR  CI  of 95% OR CI  of 95% 
Household size       
0-4 8 16 1 Ref. 1 Ref. 
5-9 19 48 0.79 0.29-2.15 0.75 0.26-2.17 
10 and above 1 5 0.40 0.04-4.02 0.38 0.03-4.11 
Education       
Secondary/Higher 13 32 1 Ref. 1 Ref. 
Primary 8 30 0.65 0.24-1.80 0.55 0.19-1.61 
Uneducated 7 7 2.46 0.71-8.42 1.78 0.47-6.69 
Income       
Lower class 15 36 1 Ref. 1 Ref. 
Middle class 7 16 1.05 0.36-3.07 1.08 0.4-3.22 
Higher class 6 17 0.84 0.28-2.57 0.90 0.3-2.82 
Occupation       
Other 5 20 1 Ref. 1 Ref. 
Agriculture 23 49 1.88 0.63-5.63 1.50 0.48-4.70 
33 
 
Table 8 Association between socioeconomic status and diarrhea/dysentery along with other 
waterborne diseases  
 
 
Table 8 shows the association between the socioeconomic status and diarrhea/dysentery along 
with other waterborne diseases. The uneducated group showed increased risk of 
diarrhea/dysentery along with jaundice, typhoid and cholera compared to the 











CI  of 95% OR CI  of 95% 
Household size       
0-4 8 16 1 Ref. 1 Ref. 
5-9 10 48 0.4
2 
0.14-1.23 0.38 0.11-1.35 
10 and above 2 5 0.8
0 
0.13-5.07 0.96 0.12-7.32 
Education       
Secondary/Higher   7 32 1 Ref. 1 Ref. 
Primary 6 30 0.9
1 
0.28-3.03 0.78 0.21-2.93 
Uneducated 7 7 4.5
7 
1.21-17.26 4.15 0.91-18.82 
Income       
Lower class 8 36 1 Ref. 1 Ref. 
Middle class 9 16 2.5
3 
0.82-7.75 2.44 0.69-8.58 
Higher class 3 17 0.8 0.18-3.4 1.02 0.20-5.16 
Occupation       
Others 2 20 1 Ref. 1 Ref. 
Agriculture 18 49 3.7 0.8-17.31 2.66 0.47-14.86 
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Most of the households had 5 to 9 members in their family. Heads of the households were 
mostly educated with majority up to primary level. Majority of the households interviewed 
belonged to the low socioeconomic class with the head of the household’s income less than 
USD 500 (NRS 50,000).Their major source of income seemed to be agriculture. The 
characteristics between the two villages were quite similar. Only income per year showed a 
significant difference between village 1 and village 2. Every households interviewed were 
found using tap water supplied from the Government of Nepal . Each and every household 
had latrines with septic tanks and did not have a direct water supply inside the latrine.  
 
As reported by International Fund For Agricultural Development (IFAD 2013), households in 
the rural area of  Nepal have very little or no access to education, safe drinking water, 
sanitation or other basic services. Generally having large number of family members, the 
literacy rate was found to be very low [25]. In 2011, Bureau of  Statistics of Nepal reported 
agriculture as the main source of income that accounts for 38% of Gross Domestic Products 
(GDP), providing livelihood for three-fourths of the population of Nepal [26].   
 
In this study the  results found seemed to be different compared to the results found by IFAD 
interms of education, availability of drinking water, sanitation or other basic services. The 
difference in the result might be attributed to the fact that although Daman and Palung VDCs 
are also listed as rural areas of Nepal, these villages are along the side of highway, the 
location is only seventy kilometers away from Kathmandu metrocity and people have 
opportunity to share the information; and these locations are quite different from the areas 
surveyed by IFAD (as IFAD is supporting the poor people residing in the very remote areas 
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of Nepal).  Due to those reasons there might be an increased number of educated people in the 
village in the present context. Similarly, access to drinking water (via tap water) and 
sanitation in every household with fair knowledge about sanitation and sanitary health shows 
the improving lifestyle and conditions in these villages.  
 
Regarding water and sanitation, as reported by Nepal population and housing census (2011), 
73.5% population in the entire Makwanpur district had access to tap or piped water, about 
60% of the population in the district had access to latrines out of which 42.7% of the 
population had latrines with septic tank (without a flush toilet), 15.4% had ordinary latrine 
(temporary) and only 1.2% with a proper flushing type of toilets [27].    
 
The villagers of both Daman and Palung mentioned that the condition of latrine has been 
tremendously improved since the year 2012. Daman and Palung both VDCs were declared as 
“an open defecation free zone" from the year 2012. This was a step taken by the government 
of Nepal in order to make the village “an open defecation free zone" and encourage people 
to use latrines to improve their health and cleanliness habits. People of those VDCs explained 
that as the government of Nepal enforced a very strict rule amongst the villagers that they 
should have at least one latrine in one household and the household lacking a latrine would 
not get their official work done in the government offices until a latrine is built in their 
houses. Similar statements were made by the Water Aid (2011) explaining that the improved 
sanitation conditions in the rural communities of Nepal were because of the involvement of 
governmental and non-governmental organizations mainly focusing on building toilets, 




50.7% of the total households interviewed were affected by waterborne diseases at least once 
in the past one year. Out of them 20% of the households both in village 1 and village 2 were 
affected by diarrhea/dysentery. Compared to other waterborne diseases (as listed above) 
diarrhea/dysentery were mostly prevalent in both the villages. 
 
Source of water, presence of latrines and water supply in the latrines were suspected to be the 
major factors responsible for the occurrence of waterborne/diarrheal diseases. As reported by 
the Water Aid (2011), there was an inversely proportional relationship between sanitation 
coverage and number of diarrheal cases in Nepal; more the presence of latrines lesser will be 
the diarrheal cases and vice-versa. Also there was a reduction rate of diarrheal cases by 36% 
with access to sanitation and cleanliness habits; only washing of hands could reduce diarrheal 
cases by 45%. Water Supply and Sanitation Collaborative Council (WSSCC), 2008 had 
reported that almost 88 percent of diarrheal cases worldwide were caused either by drinking 
of contaminated water (from well, river, stream), inadequate sanitation or insufficient hygiene 
(washing hands after the use of latrines) [28]. Daniels et al.(1990), Haggerty et al. (1994), 
 LaFond (1995), MacDougall and McGahey (2003) had also listed little or no access to water 
and sanitation, poor hygiene and feces disposal practices at home as major risk factors for 
waterborne/diarrheal diseases [10, 29-32].  
 
Even though presence of latrines, availability of drinking water and direct water supply (in 
order to flush or wash hands) in the latrines were considered to be the major risk factors to 
increase the instances of diarrheal diseases, the results were unable to find any statistical 
associations between the risk factors and diarrheal diseases due to the lack of variation in our 
data. This is because all the villagers had a common source of water (tap water supplied from 
the government), almost all the villagers had pit latrines outside their house with a septic tank 
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and did not have direct water supply inside their latrines; thus no statistical analysis could be 
performed. 
 
The other potential independent variables such as income and occupation (socioeconomic 
status) did not show any statistically significant association with waterborne diseases. Though 
the overall education level group did not show an association; uneducated group showed a 
significant relationship with waterborne diseases. Similarly, uneducated group showed a 
significant association with the episodes of diarrhea along with other waterborne diseases.  
 
Hypothetically, with the increase in level of education, income and occupation 
(socioeconomic status) there should be a decrease in the occurrence of diarrheal diseases. 
Siddiqui et al. (2012) also found waterborne diseases to be significantly associated with 
financial status and literacy rate [33]. Colombara et al. (2013) had also explained that 
maternal education and income were the factors influencing diarrheal risk [33]. Urban 
children from households with income ranging from 34 to 84 USD/month had a 30% 
increased risk compared to those from households with income more than 84 USD/month. 
They listed lower socioeconomic status (education, income, occupation) as the risk factors of 
cholera in rural and urban Bangladesh [34].  
 
Although the literacy rate was found to be fair in both the villages under this study, majority 
of people were only educated up to primary level (See figure 3 and 4). Lower the number of 
years in school lower will be the knowledge regarding personal hygiene and cleanliness. This 
was further suggested by Yilgwan and Okolo (2012) that in Nigeria, educated mothers were 
found to be conscious regarding importance of hygiene, better childcare and feeding practices 
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and were more aware of disease causation factors and preventive measures [35]. Their study 
showed a significant impact of education on morbidity caused by diarrhea.  
 
Even with the accessibility to water and sanitation, prevalence of waterborne/diarrheal 
incidences was still found to be high. Latrines with septic tanks were found in every 
household but they were without flushers and there was no direct supply of water inside the 
latrines. This suggests that there might be negligence in washing hands or maintaining a clean 
and hygienic sanitary environment. Maintaining personal hygiene and cleanliness comes with 
an increase in level of education which eventually helps in preventing diarrheal diseases. 
Even hand washing with soap reduces the risk of endemic diarrhea [28]. Karambu et al. 
(2013) also reported not washing hands before eating or after the use of toilets to be 
significantly associated with diarrheal diseases in South Africa [36]. Also most of the 
households interviewed belonged to the low socioeconomic status that might have influenced 
their hygienic behaviors and thus increased the diarrheal instances. It was further explained by 
Halder and Luby (2008) that handwashing indicators were strongly influenced by 
socioeconomic status and that handwashing behaviours were more common among 
households with higher socioeconomic status [37]. 
 
Colombara et al. (2013) mentioned that there was an increase risk of diarrhea among rural 
children with one of their family members being affected by diarrhea in the past week [34]. 
Households with large family were few in this study suggesting that there should be lower 
prevalence of waterborne diseases but  results were unable to establish any significant 
association. This might be because even if less number of people were residing in a 
household, if one of the members  was affected by diarrheal disease , due to lack of proper 
medical care, less knowledge about the disease and less effort in maintaining personal 
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hygiene and cleanliness regarding sanitary habits the other members might have been affected 
as well.  
 
Quality and Quantity of water has a huge impact on diarrheal illness. Availability of safe 
water helps to reduce the diarrheal illness.  Due to some limitations (duration, finance and 
access to the reliable laboratory) in the study, quality and quantity of water could not be 
assessed. Hence, relationship between the quality and quantity of water with waterborne 
diseases  could not be performed in this study. 
 
Bartram et al. (2010) reported that many piped water systems in developing and middle level 
income generating countries work only for few hours per day and/or are unsafe [38, 39]. 
“Supply and Sanitation Global Assessment Year 2000 Report” by WHO and UNICEF 
mentioned that, in Asia, more than one out of five water supplies does not meet the national 
water quality standards [40]. Maharjan (2013) reported that, in Nepal, there are frequent 
reports of fecal contamination in drinking water even in piped supply and outbreaks of 
waterborne diseases were very common, particularly in monsoon as there was not any 
provision of water treatment facilities in the rural areas [18].  
 
Storage of water was common among the villagers due to lack of direct supply of water in 
their households. There is always an association between point of source and point of use of 
water. “The Journal of the American Medical Association”, 1995 reported that water at the 
point of source usually determines the water quality and  the chances of diarrheal diseases; 
but there might be contamination of stored household water either at the point of source or 




As reported by Esrey et al. (1991), ‘Centre for Affordable Water and Sanitation Technology’, 
mentioned other risk factors for contamination of water at the water source, collection point 
and during transport [42]. Even with improved, uncontaminated sources for drinking water, 
human behaviors may contaminate the household drinking water and promote pathogen 
transmission. Some of them are: poor site selection of the water source, poor protection of the 
water source against pollution (e.g. agricultural runoff, contaminated with manure and 
fertilizers), poor structure design or construction (e.g. lack of a well lining and/or cover, tank 
sealing, poor pipe connections), deterioration or damage to structures (e.g. cracks can be entry 
points for contaminants), lack of knowledge on hygiene and sanitation practice in the 
community [42]. 
 
Badowski et al. (2011) mentioned that studies from many developing countries showed that 
microbial contamination increases significantly between the point of source and the point of 
use in the household [43]. Their research also revealed that insufficient hand washing 
procedures, unsafe disposal of waste water, uncovered household drinking water containers, 
lack of water treatment prior to consumption, and use of inappropriate toilets by small 
children were practiced in Dar es Salaam and these activities were responsible for the 
contamination of water after collection from the point of source [43].  
 
  
Significant associations between the suspected risk factors and waterborne diseases could not 
be established in this study. But factors like cleanliness, personal hygiene, quality of water 
(both at the point of source and point of use), storage of water in the households after 
collection and water treatment methods before drinking might be the factors responsible for 




4.2 Limitation of the reported research: 
4.2.1 Sample size 
Due to logistical and technical, as well as economic constraints, the sample size was too small 




Potential confounding factors such as quality of water at the point of source and point of use, 
storage of water in the households, personal hygiene and cleanliness habits (such as hand 















This study was conducted in Daman and Palung VDCs of Makwanpur district of Nepal. Out 
of the total households interviewed, 50.7% of the respondents were affected by waterborne 
diseases. Compared to other waterborne diseases, the prevalence rate of diarrhea/dysentery 
was found to be the highest in both the villages. Majority of people had primary level 
education, low income and relied on agriculture as their occupation. The logistic regression 
analysis showed that lack of education of the head of the household was significantly 
associated with waterborne diseases and with diarrhea/dysentery along with other waterborne 
diseases (jaundice, typhoid and cholera). 
 
No association could be established between water, sanitation and waterborne diseases due to 
the lack of variation amongst the households. Also the analysis was unable to find any 

















On the basis of the findings of this study following points can be recommended: 
1. Socioeconomic inequalities such as education, income and occupation in the rural 
parts should be taken care of by the Government of Nepal. Education should be 
prioritized especially in the rural areas. 
2. Educational interventions regarding personal hygiene, cleanliness and sanitary 
programs should be organized especially in the rural areas. 
3. Quality assessment of the water source should be conducted time to time to assure that 
safe drinking water of national quality standards is available to everyone. 
4. Awareness programs related to water treatment, water quality and importance of flush 
toilets should be carried out in the rural areas to improve the status of public health. 
5. The sample size for each village was too small in this study to detect the actual 
incidence rates of diarrhea and dysentery. But this model can be used as a research 
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Data collection form (questionnaire) 
INFORMED CONSENT  
Hello. My name is   Prapti Sedhain and I am Masters Student of Public health. I am conducting  
a survey about water, sanitation and rural health at Makwanpur distric (Daman and Palung). I will 
appreciate your participation in this survey. The information you provide will help to know prevalent 
waterborne diseases and the factors associated with it. The survey usually takes between 10 and 20 
minutes to complete.  
Participation in this survey is voluntary and you can choose not to answer any individual question or 
all of the questions. However, I hope that you will participate in this survey since your views are 
important. 
You will not have to financially support this survey. 
At this time, do you want to ask me anything about the survey?  You may leave the interview in 
between if you want to.  
 











3. Number of family members: 
SECTION B 
4. Head of the household: 




8. Source of water  








9.1 If yes: Types of latrines 















11. If yes 
 Temporary  (Pit/hole) 
 Permanent (Cemented) 
 




13. Prevalence of waterborne disease 
 Diarrhea 
 Dysentery 
 Cholera  
 Typhoid 
 Jaundice 
12.1. Number of members who were affected by those diseases? 
12.2. How many times have they been affected by those diseases in the past year? 
 




gd:sf/ ! d k|fKtL ;]9fO{ :gfsf]Q/ hg:jf:Yosf] ljBfyL{ clxn] d vfg]kfgL, ;/;kmfO{ tyf 
u|fld0f :jf:Yosf] af/]df cWoog ul/ /x]sf] 5' . o; cWoogdf tkfO{x?sf] ;xefuLtfsf] 
ck]Iff /fVb5' . tkfO{n] lbg'ePsf] ;'rgfx?n] xfn ljBdfg /x]sf kfgLaf6 km}lng] /f]]ux?sf 
af/]df / ltgnfO{ km}ng ;3fpg] sf/0fx?sf jf/]df hfgsf/L lbg]5 / :jf:Yo ;]jfdf 6]jf 
k'Ug]5 .  
of] cWoog hDdf !)–@) ldg]6 ;Ddsf] x'g]5 . tkfO{ o; cWoogdf lagf s/sfk efu lng 
;Sg'x'g]5 . efu lng' ePdf tkfO{sf larf/x? cd"No x'g]5g\ .  
tkfO{+n] o; k|ls|ofdf s'g} cfly{s ;xof]u ug'{kg]{ 5}g . 
 
tkfO{nfO{ o; cWoogsf af/]df s]xL lh1f;f 5 obL 5 eg] lgw{Ss dnfO{ ;f]Wg ;Sg'x'g]5 . 
tkfO{+nfO{ s]lx ;+sf]r eP of] k|s[of ljrd} 5f]8\g ;Sg'x'g]5 .  
 






v08 s  
!= gfd :  
57 
 
@= pd]/ : 
#= kl/jf/ ;+Vof : 
 
v08 v 
$= 3/d'nL : 
%= cWoogsf] tx : 
^= k]zf : 
&= cfdbfgL : 
 
v08 u 
*= kfgLsf] ;|f]t : 
 wf/f 
 vf]nf 
 d"n / Ogf/ 
 
v08 3 






(=!= 5 eg] : s:tf] k|sf/sf] rkL{ 5 < 
 
(=!=!= c:yfoL -s] jf6 jg]sf] 5 <_ 
 afF; 
 Knfli6s / sfut 
 sk8f 
 
(=!=@=:yfoL -s] jf6 jg]sf] 5 <_ 
 O{6 / sf7 
 df6f] 
 
!)=;]lK6 6+sL  
 5 
 5}g 
!)= 5 eg] 
 c:yfoL -vfN8f]_ 
 :yfoL -l;d]G6 nufPsf]_ 
 











 6fOkmfO8 / Dofb] Hj/f] 
 hlG8; / sdnlkQ 
 
!@=!= To; /f]ujf6 k|efljt x'g]sf] ;+Vof 
 
!@=@= ljt]sf ;fnx?df slt k6s lt JolQmx?nfO{ ;f] /f]u nfu]sf] lyof] < 
 
tkfO{+sf] ;xof]usf] nflu wGojfb . 
 
 
 
